Water demand forecast models are extremely important for logistic and political issues. In this sense, the present research aims to develop an Artificial Neural Network (ANN), able to predict in the short term, future water demands. Because of the high precision with time series data, the NARX (Nonlinear Autoregressive with External Input), a type of ANN, was chosen. Several tests were conducted in order to find the best forecast model, and the results showed that the NARX is an efficient predictor of water demand, requiring a good database for the ANN training phase.
Introduction
Demand forecasting models are needed to develop operational policies and to plan for investments in the complex water supply and distribution systems, in order to use effectively the economic and natural resources available [Hansen and Narayanan, 1981] 1 . That said, the goal of the research is the development of an ANN able to predict in the short term, the daily water demand of a real network. The intention is to improve the structuring and implementation of water distribution infrastructure, recognizing the relationship between the physical and temporal variables with water consumption pattern.
Results and Discussion
Data for the study were taken from the city of Franca, Sao Paulo, Brazil, and are time series, therefore it was decided to use the NARX, a type ANN, as it would be the most ideal for the challenge of the research, since it has high precision when the problem has sequential type of data.
The NARX was tested by changing its parameters and input data in order to enhance the network and thus achieve better results. It was noted that the main contributor to the improvement of the network were the input data. At first it was used daily data entry, they being the temperature, rainfall amount and the day's water demand, and despite high correlation of the variables, the network showed high errors. Subsequently, we used hourly data entry, taking into account the temperature, humidity, wind speed, month of year, day of week, time of day and holidays, increasing the sample space for the steps of training, validation and testing of the NARX. By changing the data entry, there was evidence of great potential of prediction with significant reduction of errors. In Chart 1 it can be seen such potential due to the R² values, that reached values close to one, showing strong correlation of the variables used, and the small errors in the network's prediction step.
Chart 1.
The R² values and errors in the NARX's prediction step, varying the number of hidden nodes.
Conclusions
The ANN has shown to be an efficient mechanism of water demand forecasting representing a pattern very close to the actual consumption, and it can be used as a tool to circumvent stress on existing infrastructure of supply and distribution of water.
